Normalization of intracellular Ca(2+) induces a glucose-responsive state in glucose-unresponsive beta-cells.
Although intracellular Ca(2+) in pancreatic beta-cells is the principal signal for insulin secretion, the effect of chronic elevation of the intracellular Ca(2+) concentration ([Ca(2+)](i)) on insulin secretion is poorly understood. We recently established two pancreatic beta-cell MIN6 cell lines that are glucose-responsive (MIN6-m9) and glucose-unresponsive (MIN6-m14). In the present study we have determined the cause of the glucose unresponsiveness in MIN6-m14. Initially, elevated [Ca(2+)](i) was observed in MIN6-m14, but normalization of the [Ca(2+)](i) by nifedipine, a Ca(2+) channel blocker, markedly improved the intracellular Ca(2+) response to glucose and the glucose-induced insulin secretion. The expression of subunits of ATP-sensitive K(+) channels and voltage-dependent Ca(2+) channels were increased at both mRNA and protein levels in MIN6-m14 treated with nifedipine. As a consequence, the functional expression of these channels at the cell surface, both of which are decreased in MIN6-m14 without nifedipine treatment, were increased significantly. Contrariwise, Bay K8644, a Ca(2+) channel agonist, caused severe impairment of glucose-induced insulin secretion in glucose-responsive MIN6-m9 due to decreased expression of the channel subunits. Chronically elevated [Ca(2+)](i), therefore, is responsible for the glucose unresponsiveness of MIN6-m14. The present study also suggests normalization of [Ca(2+)](i) in pancreatic beta-cells as a therapeutic strategy in treatment of impaired insulin secretion.